Microvascular dysfunction or disease is most commonly associated with diffuse epicardial coronary atherosclerosis and endothelial dysfunction, whereas it is less common as a distinct, separate, isolated pathophysiology. The different manifestations of coronary artery disease in women relate in part to their smaller coronary arteries, higher coronary blood flow, and higher endothelial shear stress, which have profound effects on endothelial function and development or resistance to atherosclerosis, its symptomatic presentation, outcomes, and treatment. 
Therefore, imaging microvascular disease inherently also involves the coronary pathophysiology of angina without angiographic stenosis and perfusion imaging for the broad spectrum of abnormalities or imaging artifacts in women that require differentiation from specific, separate, isolated microvascular disease or no coronary abnormalities, by invasive or noninvasive technologies.
As the basis for imaging microvascular disease, invasive pressure-flow velocity measurements provide important insights (4) (5) (6) . In a recent study of 139 patients with angina and no stenosis >50% diameter narrowing (4), 77% were women. Invasive measurements were made of coronary flow reserve (CFR), fractional flow reserve (FFR), endothelial dysfunction, an index of microcirculatory resistance, and atherosclerosis by intravascular ultrasound (IVUS). These patients had a high prevalence of diverse coronary abnormalities. All patients had coronary atherosclerosis by IVUS. Mean CFR was 4.1 AE 1.7, with a range of 1.3 to 9.9. Endothelial dysfunction was found in 44% by stringent criteria of >20% decrease in coronary artery diameter after intracoronary acetylcholine and in 76% by any degree of vasoconstriction versus normal vasodilation.
In 5.1% of these patients, invasive pressurederived FFR was below the threshold of 0.8 used to guide percutaneous coronary intervention (PCI). Fifty-eight percent had myocardial bridging with no effect on FFR or CFR. Over all, only 23% had normal endothelial function, normal coronary function, no myocardial bridging, and no coronary explanation for angina (4) . On multivariate analysis, coronary abnormalities were significantly related to age, diabetes, fasting blood glucose, hypertension, body mass index, and blood homocysteine levels. 
RESPONSE TO TREATMENT OR PROCEDURES
The smaller size of coronary arteries in women than men is well established (7) (8) (9) and corresponds to smaller left ventricular (LV) mass, as summarized in The schema of the Central Illustration integrates these diverse aspects of CAD in women compared with men through the common physiological mechanism of endothelial shear stress. Although endothelial shear stress varies with pulsatile flow, the average calculated shear stresses in Table 1 provide essential insights into male-female differences in manifestations of CAD. As in the Central Illustration and Table 1 branches or bending is lost, which leads to "acceler- Women have higher resting heart rates than men, and after 60 years of age, they have higher peak heart rates (24, 25) , which is consistent with higher resting perfusion than men and implies higher shear stress (Table 1) . However, women are less physically active in their leisure time and have lower peak informed observer that may not be familiar or imaginable to most cardiologists, which it is hoped will be corrected in part by this paper.
CONCEPTS IN QUANTITATIVE PERFUSION IMAGING OF MICROVASCULAR DISEASE
Although the underlying pathophysiologies of angina and acute coronary syndromes in women are hypertension, and treated hyperlipidemia had angina with jaw and arm radiation for 11 years at rest and exertion, which progressed to limit her walking to 100 ft and was relieved in part with nitroglycerin.
Five coronary angiograms that showed no obstructive CAD over a period of years led to her referral for a dipyridamole stress PET-computed tomography (CT) scan. Figure 1 shows normal topographic views of relative uptake of rubidium Rb-82 as described previously (10, 11, 21, (38) (39) (40) . Global stress flow ( Figure 1C ) of 1.27 ml/min/g and CFR ( Figure 1D ) of 1.4 during dipyridamole stress represent moderate to severe impairment close to the threshold associated with angina and electrocardiography (ECG) changes, as listed in Table 2 (10,11,21,38-40). There was no regional stress-induced perfusion defect; a CT scan for attenuation correction showed no coronary calcium, and stress ejection fraction was 70% on gated perfusion images.
To assess potential caffeine inhibition in this patient after PET, we measured caffeine levels of 5.7 mg/ml at 24 h and 1.8 mg/ml at 48 h, with none detectable at 72 h after the last caffeine intake, where the detection limit for our laboratory is 1.0 mg/ml. On repeat PET after 5 days abstinence from caffeine, when no caffeine was detected in her blood with the same dipyridamole stress, scanner, and protocol, the stress perfusion increased from 1.27 to 1.63 ml/min/g and CFR increased from 1.4 to 2.0, which was still significantly reduced (not shown) but modestly higher than for stress perfusion with detectable blood caffeine.
These results indicate microvascular dysfunction with no stenosis or significant diffuse narrowing because of lack of coronary calcium at her age and normal angiograms. The case also illustrates how caffeine inhibition mimics microvascular disease. The 77-year-old asymptomatic woman in Figure 2 Patel et al. 
FIGURE 2 Diffuse Severe Epicardial Atherosclerosis and Microvascular Dysfunction
Single anterior views of normal relative rest (A) and stress (B) uptake images. For the same patient, stress perfusion (C) and CFR (D) were diffusely reduced because of diffuse epicardial narrowing and in part because of high resting perfusion caused by resting high blood pressure and anxiety. Abbreviations and displays as in Figure 1 .
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CONCEPT 3. OCCLUSIVE, DIFFUSE EPICARDIAL CAD
WITHOUT MICROVASCULAR DISEASE. The 59-yearold woman whose case is presented in Figure 3 The patient was taking metoprolol succinate, isosorbide mononitrate, and ranolazine for angina; her blood pressure and lipid levels were well controlled, but the patient's weight at 214 lb was over the target of 155 lb, with no exercise and continued smoking.
CONCEPT 4. MISSED DIAGNOSIS OF EPICARDIAL CORONARY STENOSIS MASQUERADING AS MICROVASCULAR DISEASE.
Epicardial coronary stenosis in women may be misdiagnosed as microvascular disease because of inadequate quantitative perfusion imaging, misreading of coronary angiograms (as in the prior case), or a mindset oriented toward male manifestations and interventions in cardiology practice. The 58-year-old woman whose case is depicted in Figure 4 had mitral valve prolapse, mild treated hypertension, Other risk factors, weight, and diet were well controlled. One year previously, a CT coronary artery calcium score was 118 in the LAD. She developed 3 weeks of exertional angina but had a normal ECG stress test and normal standard nuclear stress singlephoton emission computed tomography (SPECT); she was told that she had no heart disease and no risk factors by her cardiologist. Because of persisting exertional angina, she requested a second opinion.
Her PET showed a severe dipyridamole-induced perfusion defect in the distribution of a diagonal Rest and stress relative uptake images with the CFR and coronary flow capacity map combining stress flow (in ml/min/g) and CFR, both color scaled as for prior images.
Abbreviations as in Figure 3 . without intervention, relative stress relative images and coronary flow capacity map combining stress flow (in ml/min/g) and CFR, color scaled as for prior images.
AV ¼ atrioventricular node artery; other abbreviations as in Figure 3 .
98/51 mm Hg, which was reversed by aminophylline, followed by metoprolol as blood pressure recovered.
Stress perfusion images showed a large, severe anterior, septal, and apical stress defect comprising The 67-year-old woman whose case is depicted in In Figure 7A , global stress perfusion is reduced to 1.18 ml/min/g, which indicates global uniform severe microvascular dysfunction. In Figure 7B , stress perfusion has a base to apex longitudinal perfusion gradient, which
indicates diffuse epicardial coronary narrowing as described previously (41, 42) . At the base, stress flow The 68-year-old patient in Figure 8 had angina that Displayed as for prior figures. Abbreviations as in Figure 3 . tmc.edu.
